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3. Third and fourth years: The fuel tax should be
increased $0.0026/L, if necessary to close the gap be-
tween identified needs and revenues, in addition to any
change indicated by the CPI.

The forecast revenue under the recommended plan and
the needs in five-year increments are compared below.

Federal
Aid Plus Needs Met
Needs Revenue {percentage

Period ($ millions) ($ miltions}  of total)
1978-1982 2945.3 1892.4 64.3
1983-1987 2827.5 3010.1 106.5
1988-1992 3966.5 3580.2 90.3
1993-1997 4734.7 4759.5 100.5

The rationale for the recommended package includes
all of the factors discussed above. The user concept is
maintained in the package by using the existing road-user
tax structure. This also means that the collection ma-
chinery already exists; no significant new administrative
organization is required, which will minimize admin-
istrative costs. The package provides for the effect of
inflation by tying the user taxes to automatic changes in
the state CPI (which will be prepared regularly). This
is an important feature because the current user-tax
structure is not responsive to inflation. The first-year
increase will bring the tax rate to where it would have
been if highway-user taxes had been tied to the inflation
rate since the last fuel-tax increase in 1975. Population
growth and travel are accounted for by increases not only
in the fuel tax but also in vehicle registration and truck
fees.

The taxes are spread over a broader base. This fea-
ture of the package reduces the reliance on the fuel tax
as the primary source of revenue. Because of the tech-
nological changes that are occurring, proportionally less
income will be realized from the fuel tax.

(Because the federal government is currently carrying
out a weight allocation study to determine the effects of
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heavy trucks on highway costs, weight fees were not dis-
cussed in this report; the entire problem of weight allo-
cation costs should be reviewed when the federal study
has been completed.)

The opportunity for periodic review is a feature of the
recommended package. Because the transition period
for implementation covers several years, it will be pos-
sible to review needed increases in light of updated needs
studies.

Because of the transition-period feature, the first-
year increase to users will be approximately $16/
passenger-type vehicle or about 10 percent. The tran-
sition period will allow for timely planning by the vari-
ous highway agencies that use the funds and permit a
gradual increase in state highway spending with respect
to personal income,

It should be noted that these recommendations are
specific for the state of Arizona. Although many states
currently face funding problems, it is not possible to set
forth recommendations that would be applicable to the
travel and taxing situations in all states. This study did
provide a set of recommendations that would address the
problems in Arizona.
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Methodology for Evaluating Impacts
of Energy, National Economy, and
Public Policies on-Highway Financing

and Performance

Fred L. Mannering and Kumares C. Sinha

The need to conserve energy, inflationary pressures, decreasing user tax
revenues, and recent national automotive policy decisions have created
probiems that have seriously affected the state highway financing pro-
cess. This paper discusses the development and application of a com-
puter model that can be used to analyze and estimate the compiex inter-
actions among the factors influencing highway financing and their uiti-
mate impacts on highway performance. The model uses the national
energy and economic forecasts developed by Data Resources, Inc., along
with a set of possible highway policy options, and simulates their effects
on factors such as vehicle fuel efficiency, commercial and noncommer-
cial vehicie travel, fuel consumption, revenue generation, and highway

maintenance and capital expenditures. Application of the model to

the Indiana problem indicated that an overall deterioration in high-
way performance can be expected because the revenue required to sta-
bilize or improve highway performance is enormous. However, the
scenarios tested showed that highway policy options such as revised high-
way performance criteria and programs to reduce future highway use can
have a significant impact on future highway performance. Thus, com-
binations of increased tax rates and non-revenue-generating highway policy
options may be necessary to ensure the sustenance of a tolerable level of
highway performance in the future.
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" The current state highway financing process is con-
fronted by a number of serious problems that are being
aggravated by recent economic conditions and national
policy decisions. On the one hand, highway construc-
tion, operation, and maintenance costs have increased
drastically in recent years while, on the other hand,
road-user tax revenues have remained the same or
decreased. These problems have led to the deferral
of many needed highway improvement projects and,
consequently, overall highway performance has suffered.
Moreover, the long-term impacts that national and
regional energy-conservation policies will have on the
state highway financing process are not clearly under-
stood.

It is clear that there is a definite need to examine
possible legislative actions to substantially change the
state revenue-generating structure and tax rates (or
both) in order to provide sufficient resources for high-
way construction, operation, and maintenance. The
intent of the study reported in this paper was to provide
a tool, in the form of a computer model, that could be
used to systematically evaluate the impacts that various
proposed highway-related legislative decisions may
have on highway performance in Indiana. [This paper
is a brief summary of the study; details of model de-
velopment and application are given elsewhere (1).]

The 1976 National Highway Inventory and Performance
Study (NHIPS) (2) was the first major study to apply the
exacting methods of measuring highway performance
that were introduced in the 1974 National Highway Needs
Report (3). This made possible detailed projections of
highway service, physical conditions, and operating
conditions under various highway-revenue scenarios.
However, the 1976 NHIPS, and most other studies in
this area, did not explicitly consider many of the in-
teractive economic factors that affect future highway-
financing and performance forecasts.

An overview of the modeling procedure used in the
study reported here is shown in Figure 1. National
macroeconomic forecasts are used as input to make
projections of fuel efficiency, fuel consumption, state
highway-user revenues, highway performance, and
highway improvements. Fuel-efficiency projections,
made on the national level, are a critical component
in the determination of fuel-consumption projections,
which are, in turn, used in the estimation of future
state highway-user revenues. In addition, Indiana
population projections were made by the cohort survival
method and used to estimate the numbey of registered
vehicles and the number of licensed drivers, both of
which are also used in the calculation of state highway-
user revenues. Revenues from sources such as federal
aid are estimated exogenously and combined with the
internally projected state highway-user revenues to
determine the total funds available for highway expendi-
tures. Finally, current highway conditions are simulated
internally and used with projections of highway im-
provements and other factors to estimate future high-
way performance—which is the final step of the model-
ing procedure.

MODELING PROCEDURE

National Macroeconomic Forecasts

The three national macroeconomic forecasting models
developed by Data Resources, Inc. (DRI), TRENDLONG
0978, CYCLELONG 0978, and PESSIMLONG 0978, were
used to provide a probable range of future economic
conditions to the target year 1990 (4). TRENDLONG
essentially represents a long-run stable U.S. economy.
CYCLELONG simulates a cyclical economic behavior
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and forecasts the business cycles that have historically
characterized the U.S. economy. The projected 1990
gross national product (GNP) resulting from CYCLE-
LONG is 2.2 percent less than that projected by the
TRENDLONG model. PESSIMLONG projects es-
sentially the same price, exogenous factors, and final
demand behavior that has typified the U.S. economy in
the past 10 years. The resultant 1990 GNP is less than
that projected by either of the other two models.

The basic assumptions underlying these macroeco-~
nomic forecasts are given in Table 1 (4). The results
of these models provided national projections of new
car sales, automobile ownership, gasoline price
deflators, industrial production, iron and steel pro-
duction, and deflators for highway improvements, all
of which were used at various stages of the present
study.

Fuel-Efficiency Projections

Fuel efficiencies were projected on a national level and
applied to Indiana. Five vehicle types were considered:
(a) automobile, (b) motorcycle, (c) bus, (d) single-unit
truck, and (e) combination truck.

The projection of automobile-fleet fuel efficiencies
was made by using a cohort survival technique to
project the automobile population by model year. The
modeling approach considered the possible effects of
the national economic climate and included a high degree
of interaction between prevailing economic conditions
and the model parameters. The basic elements of the
model are to (a) project the number of automobiles in
use by model year, (b) project automobile fuel ef-
ficiencies by model year, and (c) establish relative
automobile use by model year. The average automobile-
fleet fuel efficiency in any given year is then determined
by appropriately weighting the fuel efficiencies of each
model year. . The computation procedure used is out-
lined in Figure 2. National projections of new car sales
and automobile ownership (which are used internally to
project scrappage rates) are provided as input from the
DRI economic forecasts.

Due to data limitations, the fuel-efficiency values for
other types of vehicles could not be estimated in such
a detailed manner. Therefore, these estimates were
made simply by extrapolating recent national values (5).

Fuel-Consumption Projections

Fuel consumption has a direct impact on fuel tax
revenue, which historically has been the largest single
source of highway revenue. The approach most com-
monly used to project fuel consumption is to estimate
{a) future vehicle travel (VT) and (b) future fleet fuel
efficiencies. Once these two elements have been deter-
mined, total fuel consumption can be determined by di-
viding VT by fleet fuel efficiency. An outline of this ap-
proach is shown in Figure 3.

Due to problems of multicollinearity, it was not pos-
sible to develop a regression equation by which to fore-
cast total VT. Consequently, the VT equation given by
Poister, Larson, and Rao (6, Figure 1), in which esti-
mates of VT are made by assuming a growth rate and
a demand elasticity of VT with respect to fuel price,
was used. The growth-rate and demand-elasticity as-
sumptions were made from an analysis of existing data
and relevant literature (5, 7). Future fuel prices were
determined by using the gasoline-price-deflator fore-
casts provided by the three DRI macroeconomic models.

The separate estimation of commerecial VT growth
(composed primarily of combination truck VT) is
essential because of the large contribution these ve~
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Figure 1. Overview of simulation procedure.

INPUT NATIONAL MACROECONOMIC

r FORECASTS
FUEL EFFICLENCY ]
PROJECTIONS
POPULATION l
PROJECTIONS
FUEL CORSGMPTION e
PROJECTIONS
N STATE HIGHWAY USER-
g REVENUE PROJECTION *
SCENARIO OTHER REVENUE
SELECTION ESTDMATES (FEDERAL
AID AND SO OR)
3
PRESENT HIGHWAY
CONDITION SIMULATION
Y T "
N J PROJECTIONS OF HIGHWAY
’ PERFORMANCE
f l }
L PROJECTIONS OF HIGHWAY
IMPROVEMENTS .
Table 1. Major assumptions underlying DRI macroeconomic forecasts.
Factor Forecast TRENDLONG CYCLELONG PESSIMLONG

Federal expenditures increase at compound
annual rate of 8.8 percent; federal budget
is in balance after 1986

Money supply is tightened in 1980 as infla-
tion accelerates; stable credit is promoted

Low inflation rate and job security increase
consumer confidence

Fiscal policy

Monetary policy

Consumer behavior

Federal expenditures increase at compound
annual rate of 9.3 percent

Fluctuations in policy contribute to severity
of cyclic economic behavior

Cyclic variations in sentiment result in
large fluctuations in expenditures for

Federal expenditures increase at
compound annual rate of 10.6 per-
cent

Same as under CYCLELONG

Same as under CYCLELONG

durable goods

Business behavior Decisions are made in a stable environment

Output fluctuations and uncertainty result

Same as under CYCLELONG

in uncertainty and investor caution

Capacity utilization and energy problems af-
fect immediate future; steady improvement
beginning in the early 1980s

Inflation rate

Continual boom-bust pattern increases
average rate

Aggressive wage and price behavior
increases ratesand also severity of
economic slowdowns

hicles make to pavement deterioration. The estima-
tion technique used calculates future changes in com-
mercial VT by assuming that the change in total com-
mercial VT is proportional to the change #i motor
truck intercity shipping. A regression equation was
developed to project intercity shipping by using the
national business index and Indiana steel production as
independent variables. Provisions were also made for
possible changes in truck capacities and truck capacity
use, both of which will affect the proportionality as-
sumption.

The total VT was segregated by vehicle type in the
base year by using the national apportionments (5). The
growth rate in combination truck VT was assumed to
equal the growth rate in commercial VT, and projections
of other vehicle VT values were made by extrapolating
recent apportionment trends (5). Thus, fuel consump-
tion can be determined simply by dividing the VT values
by the appropriate vehicle fuel efficiencies.

State Highway-User Revenue Projections

Projections of state user revenue sources were made
by categorizing such sources into four basic areas:

1. Revenues derived from motor vehicle registra-
tions,

2. Revenues derived from license fees,

3. Revenues derived from state taxes on motor fuel,
and

4. Revenues derived from miscellaneous user
sources.

Automobile registration projections were made by
assuming that an automobile saturation will be reached,
at which time the number of vehicles per capita will
stabilize., An appropriate saturation value was selected
on the basis of findings in relevant literature (8, 9), and
a power curve was fitted to the original data so that
anmial estimates of automobile ownership per capita
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could be calculated, Indiana population projections Single-unit truck, bus, and motorcycle registrations
were made by the cohort survival method so that Indiana were assumed to be proportional to automobile registra-
automobile ownership can be determined annually by tions. Combination truck registrations were projected
simple multiplication. by using an equation that uses the national business

Figure 2. Computation procedure for automobile fuel- ——
efficiency model. AL NUMBER OF

AUTOS IN FLEET (BASE YEAR)

L 4

INPUT ANNUAL IEW PROJECT YEARLY SCRAPPAGE
EmE “55:”'5:,; . " ratEs sy wopEL YEAR

DETERMINE THE NUMBER OF
AUTOS IN USE 3Y MODEL YEAR

INPUT GOVERNMENT POLICIES

REGARDING ALTO FUEL EFFICIENCY
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AUIO USAGE BY MODEL
¥
TEAR
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CALCULATE AVERAGE AUTO FLEET FUEL
EFFICIENCY BY WEIGHTING THE
MODEL YEAR FUEL EFFICIINCIES
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USE AND THE EXTENT OF THEIR
USE BY MODEL YEAR

Figure 3. Simulation procedure for fuel-consumption
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APPROPRIATE VEHICLE FUEL IFFICIENCIES




index and an assumed growth rate as independent vari-
ables. Provisions were also made for possible changes
in truck weight distributions as such changes will
directly affect the revenues collected from truck
registrations.

Numbers of licensed drivers were estimated by ex-
trapolating the ratios of licensed drivers per 1000 of
driving age population by using historical data (5) and
multiplying these projections by the driving age popula-
tion (in thousands) determined from the cohort popula-
tion projections.

Fuel consumption was estimated by using the tech-
niques described above, and the revenues from this
source were calculated by using the fuel tax rate.
Revenues from miscellaneous user sources, such items
as chauffeur licenses, distributor licenses, and a
variety of motor fuel and vehicle sources, were assumed
to be a constant percentage of the total projected state
road-user revenue.

Highway Performance Projections

The relative performance of highway sections was con-
sidered by functional classification (e.g., Interstate,
arterial, collector, and so on) and measured in terms
of a condition index. The condition indices, which are
scaled from 0 to 100, were derived by appropriately
weighting relevant highway characteristics. The high-
way characteristics used were (a) pavement thickness,
(b) pavement condition, (c) peak-hour volume-to-
capacity ratio, and (d) lane width.

Because the base-year data needed to project high-
way performance were not readily available in detailed
form, a simulation procedure was developed to provide
the level of data aggregation necessary. The simula-
tion used a Monte Carlo sampling technique to create
a sample of roadway sections that were categoried by
highway functional classification. The summary of
statewide highway data presented in the 1976 NHIPS
was used as a basis to assign a set of attributes to each
roadway section that could then be used to project the
four basic determinants of the condition index. These
section attributes included (a) section length, (b) traffic
volume, (c) number of lanes, (d) pavement thickness,
(e) pavement condition, (f) peak-hour volume-to-
capacity ratio, and (g) lane width. Each roadway sec-
tion was aged by projecting traffic volume growth by
vehicle type, axle-load accumulations, and so on. In
addition, roadway sections were considered for seven
major types of capital improvements: new location,
reconstruction, isolated reconstruction, major widen-
ing, minor widening, resurfacing, and resurfacing and
shoulder improvements. A priority-setting technique
based on the cost-effectiveness of improvg:_;nent types
and the overall condition index of the section was de-
veloped and applied so that the limited funds available
for capital improvements could be optimally allocated
to roadway sections. After the assignment of a capital
improvement type, the section attributes were ap-
propriately redetermined and the condition index of the
section was recalculated.

MODEL APPLICATION

A number of scenarios were considered to analyze the
effects that legislative policy options, revised highway
performance criteria, changes in future travel char-
acteristics, and prevailing economic conditions may
have on the performance of the Indiana highway sys-
tem. [In discussing the results of these analyses, the
scenarios are identified by an alphanumeric coding
system in which the letter denotes the model used to
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provide the economic data (T = TRENDLONG, C =
CYCLELONG, and P = PESSIMLONG) and the number
refers to a specific option of possible legislative alter-
natives along with other attendant assumptions. ]

In all scenarios tested, it was assumed that legisla-
tive policy options would have no effects on the macro-
economic data used as input. The only exception was
that the gasoline price deflator would be influenced by
changes in fuel tax rates. This assumption is reason-
able; in a recent study, it was observed that a probable
range of highway funding options have negligible im~
pacts on economic conditions (2).

Revenue Assumptions

Revenues from federal agencies, state general-fund
appropriations, and other nonstate road-user tax
sources were estimated by assuming that such revenues
would be proportional to the revenues collected from
state road-user taxes. This assumption was based on
historical data and current federal fund-allocation
procedures,

Disbursement Assumptions

Highway disbursements were categorized into four
broad classifications:

1. Local capital outlays, which includes all ex~
penditures for capital improvements on the local road
functional classification;

2. Nonlocal capital outlays, which includes all ex-
penditures for capital improvements on nonlocal func-
tional classifications (e.g., Interstates, arterials, and
collectors);

3. Structure costs, which includes funds allocated
for the rehabilitation of roadway structures; and

4, Routine maintenance, administration, and all
others.

It was assumed that disbursement category 4 would in-
crease at an annual rate that is proportional to the
annual increase in the price deflator for highway capital
improvements. Once this disbursement was calculated,
an assumed fixed percentage of the remaining funds was
allocated to structures, local, and nonlocal capital out-
lays. These percentages were estimated by using
historical data and the values estimated by previous
studies (2, 10).

Distribution of Nonlocal Capital Funds
Among Functional Classifications

Two alternative funding distributions were developed
by using, as a basis, the funding distributions given
in the 1976 NHIPS (2) and the estimation of future
Indiana capital improvement needs made for the 1972
National Highway Needs Study (10). The first funding
distribution (series 1) was used for all scenarios that
assume that the highway performance criteria and the
travel characteristics will remain unchanged over the
time period of the present study. The series 1 dis-
tribution allocates a relatively large percentage of
capital improvement funds to high-volume facilities.
This distribution reflects the state preference for
maintaining the condition of high-volume facilities as
opposed to low-volume facilities (which are given a
lower priority, particularly when funding levels are
not sufficient to meet highway needs).

The second funding distribution (series 2) was used
for the scenarios that assumed changes in highway per-
formance criteria or in travel characteristics. These
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assumed changes will result in a considerable reduction
in the need for capital improvements on high-volume

facilities.

Consequently, the series 2 distribution

allocates a greater amount of funding to low-volume
facilities than does the series 1 distribution,

Discussion of Options

Table 2 summarizes the assumptions made for the five
options presented in this paper.

Option 1

This option was designed to analyze the effects that
continuing the current Indiana highway taxing policies

will have on future Indiana highway performance.

1t

was examined in terms of all three macroeconomic
forecasting models so that the full impacts of varying
national economic conditions could be assessed. The
1990 values of selected model parameters are sum-
marized below (1 km = 0.62 mile and 1L = 0.26 gal).

Parameter

Total VT (km 000 000s)

Combination VT (km 000 000s)

Total fleet efficiency (km/L)

Retail gasoline price ($/L)

Total revenues ($000s)

Nonlocal capital outlays ($000s)

Price deflator for capital outlays
{1975 = 1.00)

Other noncapital disbursements
($000s)

Scenario

T-1 c-1
85438 82 550
4984 4 597
7.82 7.78
0.35 0.39
586 272 570 112
182 056 167 843
2.75 2.92
314 546 319 599

P-1

79 872
4667
7.76
0.44
560 827
153 113

3.38

332 299

As might be expected, when the results for the three
models are compared, the high inflation rates and lower

industrial productions of the CYCLELONG and

PESSIMLONG models result in lower VT values, lower
fleet fuel efficiencies, higher gasoline prices, and lower
highway revenues (which will have less buying power per

dollar).

The effects that economic conditions have on highway
performance are shown in the table below, which sum-
marizes the percentage changes in the condition indices
of each functional classification between 1976 and 1990.

Functional Classification

Rural
Interstates
Other principal arterials
Minor arterials
Major collectors
Minor collectors

Urban
Interstates
Other freeways and expressways
Other principal arterials
Minor arterials
Collectors

Scenario

T-1

-11.2
-5.8
-9.6

-22.5

-29.6

-13.56
-14.4
-10.4
-19.3
-18.5

=~
c1

-9.8
-4.1
-7.6
-19.3
-25.6

125
13.2
103
-19.1
18.5

P-1

-8.9
-3.6
-7.4
-18.7
-25.4

-12.1
-10.9

-9.6
-17.6
-16.4

It is apparent that, if current highway taxing policies
are continued, a considerable deterioration in Indiana
highway performance, particularly on lower-volume
facilities, can be expected. This loss in highway per=~
formance will arise from an overall degradation in
system pavement conditions and increased congestion,
As for the impacts of economic conditions, in this
option, the more pessimistic economic assumptions
result in less deterioration of highway performance.
This is due to the fact that pessimistic economic as-
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sumptions result in (a) less congestion because VT
growth rates are lower and (b) less pavement degrada-~
tion due to loading because the growth in intercity
shipping is more moderate. For this option, these two
factors offset the effects of decreasing highway
revenues and reductions in per dollar buying power.
The result is that the reduction in highway performance
is lower.

It must be pointed out, however, that it should not
be concluded that more-pessimistic economic assump-
tions will necessarily result in less deterioration in
highway performance. In some cases, revised highway
performance standards and travel characteristics will
result, on certain functional classifications, in less
reduction in highway performance, even under more-
optimistic economic scenarios. This is due to the fact
that highway performance is the result of the interaction
of economic conditions, the performance criteria used,
the travel characteristics assumed, and the physical
attributes of each functional classification.

Option 2

Option 2 uses essentially the same assumptions as
option 1, except for the implementation in 1980 of a 2.9
cents/L (11 cents/gal) gasoline tax [i.e., an increase
over current gasoline tax rates of 0.8 cents/L (3 cents/
gal)]. The increase in gasoline tax, which is also ac~-
companied by increases in funds from other nonstate
road-user revenue sources, results in a 27 percent in-
crease in total highway revenues in calendar year 1980
(see Table 3) when the TRENDLONG data are used. The
impact that the additional revenue has on Indiana high-
way performance is summarized below,

Scenario
Functional Classification T-1 T-2 T-3
Rural
Interstates -11.2 -10.0 -4.2
Other principal arterials -5.8 -3.1 +1.8
Minor arterials -9.6 -5.8 -1.1
Major collectors -22.5 -18.6 -8.4
Minor collectors -29.6 -27.0 -17.7
Urban
Interstates -13.5 -10.7 -4.4
Other freeways and expressways -14.4 -12.5 -9.5
Other principal arterials -10.4 -9.7 -6.7
Minor arterials -19.3 -18.8 -15.6
Collectors -18.5 -15.6 -10.3

When the results of scenarios T-1 and T-2 are com-
pared, itis evident that the increased revenue results

in only moderate improvement in highway performance
after a certain threshold level. This is due to the fact
that the relationship between capital investment and
performance is asymptotic {see Figure 4(2)7and, there-
fore, a large increase in capital investment may result
in only modest increases in the condition index.

Option 3

Option 3 assumes that a 20 percent ad valorem gasoline
tax is implemented in 1980 in an attempt to keep pace
with the inflationary pressures that, under the
TRENDLONG assumptions, increase capital improve-
ment costs by 275 percent between 1975 and 1990. Table
3 summarizes total highway revenues generated by the
three options discussed thus far. The ad valorem tax
obviously generates the most revenue., This is partic-
ularly evident for the mid-1980s, when decreasing fuel
consumption actually reduces the total revenues col-
lected under options 1 and 2.



S

26

Transportation Research Record 742
Table 2. Summary of option = - . K i
assumptions. Effect Analyzed Option 1 Option 2 Option 3 Option 4 Option 5
Road -user tax rates ~ Same as Gasoline tax of 20%ad valorem tax Gasoline tax of Gasoline tax of
1979 2.9 cents/L on gasoline of 2.9 cents/L 2.9 cents/L
Fraction of total
revenues obtained from
nonstate road-user tax
sources 0.45 0.45 0.45 0.45 0.45
Distribution of capital
funds to functional
classifications Series 1 Series 1 Series 1 Series 2 Series 2
Other None None None Revised improve- Peaking reduced

ment standards by 20 percent

Note: 1 L =0.26 gal.

Table 3. Total Indiana highway revenues {thousands of constant 1978
dollars).

Scenario Scenario

Year T-1 T-2 T-3 Year T-1 T-2 T-3

1976 549 267 549 267 549267 | 1984 307 606 389 102 543 041
1977 516 278 516 278 516 278 | 1985 285 865 360 922 530 444
1978 486 056 486 056 486 056 | 1986 268 662 338 661 522 659
1979 450 232 450 232 450 232 | 1987 252034 317 159 513 659
1980 418 227 532 702 618 414 | 1988 238 038 299 188 509 027
1981 385 005 489 594 594 247 | 1989 225 137 286 683 505 465
1982 355249 450 992 573 138 | 1990 213 189 267 465 502 097
1983 330 153 418 414 554 076

Although highway performance under scenario T-3
is noticeably better than that under scenario T-1 (see
above), it is evident that, despite a considerable in-
crease in revenues, it will still deteriorate on most
functional classifications. This indicates that the
generated revenue is still not sufficient to perform the
capital improvements necessary to maintain 1975 con~
ditions. There are essentially two reasons for this.
First, the asymptotic relationship between investment
and performance means less improvement than would
be expected if a linear relationship existed. Second,
the ad valorem tax is indexed to the price of fuel,
which, in the TRENDLONG forecast, increases at a
rate that is less than the rate of increase in the cost
for capital improvements and, therefore, inflation con-
tinues to erode highway dollars (although to a lesser
extent than under options 1 and 2).

Option 4

This option was designed to evaluate the effects that
revised highway performance standards will have on
future Indiana highway performance. This revision
was achieved by attaching more importance to pave-
ment conditions and less importance to volime-to-
capacity ratios and lane widths. Such a revision in
standards would permit the state to concentrate more
of its capital funds on pavement rehdbilitation and
spend less on costly widening improvements.

This option also included the assumption of the 1980
implementation of 2.9 cents/L gasoline tax. It was
further assumed that nonlocal capital funds would be
distributed among functional classifications by the
series 2 distribution, which allocates a greater share
of capital funds to lower-volume facilities. The re-
sulting impacts on Indiana highway performance are
summarized below.

Scenario

o
£

Functional Classification T-2 T4 )

Rural
Interstates -10.0 -4.5 -2.5

Scenario
Functional Classification T-2 -4 P4
Other principal arterials -3.1 6.7 4.9
Minor arterials -5.8 -6.5 -5.4
Major collectors -18.6 94 -8.1
Minor collectors -27.0 -19.8 -21.2
Urban
Interstates -10.7 -11.3 -10.1
Other freeways and expressways -12.5 -13.0 -9.8
Other principal arterials -9.7 -9.9 -1.7
Minor arterials -18.8 -16.6 -14.9
Collectors -15.6 6.5 4.4

When scenarios T-2 and T-4 are compared, it is
apparent that the latter generally results in less high-
way performance deterioration. This revision of
standards means that the performance deterioration
of the high-volume facilities under scenario T-4 will
be comparable to that under scenario T-2 despite the
fact that the funds allocated to these facilities under
the series 2 distribution are less. Overall, the pave-
ment conditions are improved considerably under this
option, as expected. However, the volume-to-capacity
ratios are generally higher, indicating a greater ser-
vice loss.

This option was also run by using the PESSIMLONG
model to evaluate economic impacts under the revised
performance standards. The economic impact results
for high-volume facilities were much the same as those
observed for option 1. This indicates that the reduced
volume-to-capacity ratios and commercial VT values
associated with the PESSIMLONG model offset the
effects of decreases in capital investments. However,
for the lower-volume facilities, which generally re-
quire more frequent resurfacing, the additional funds
allocated to resurfacing improvements by the
TRENDLONG model result in significantly improved
pavement conditions. This, and the increased emphasis
on pavement conditions in the revised performance cri-
teria, offsets the lower volume-to-capacity ratios and
commercial VT values observed for the PESSIMLONG
model to a greater degree than was the case with the
higher-volume facilities, Consequently, the difference
in the performance impacts of the two economic models
is less conclusive on lower-volume facilities. For the
case of rural minor collectors, for example, scenario
T-4 resulted in better overall pavement conditions than
did scenario P-4 and, although the volume-to-capacity
ratios were higher, the overall adverse effect on high-
way performance was less.

Option 5

This option was designed to evaluate the impacts that a
reduction in the current peaking characteristics would
have on Indiana highway performance. Such reductions
can result from carpooling and vanpooling, staggered
working hours, and so on. I. was assumed that the 2.9
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Figure 4. Generalized relationship between highway investment and
highway performance {one curve for each functional classification).
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cents/L gasoline tax would be implemented in 1980 and
that the series 2 capital-outlay distribution would be
used. In addition, it was assumed that there would be
a 20 percent-reduction in the percentage of the average
daily travel occurring during peak periods by 1990.

This option resulted in an improved highway per-
formance; the performance levels were considerably
higher than those obtained under scenario T-2, which
assumes a continuation of current peaking characteris-
tics. This improvement results from the obvious reduc-
tions in volume-to-capacity ratios and the improvement
in pavement conditions because more funds can be al-
located to pavement rehabilitation as the need for widen-
ing diminishes:

Scenario
Functional Classification T-2 T-5 P-5
Rural
Interstates -10.0 -2.8 -1.1
Other principal arterials 3.1 -2.6 -1.0
Minor arterials -5.8 -1.8 -0.6
Major collectors -18.6 -6.5 -8.1
Minor collectors -27.0 -14.9 -10.9
Urban .
Interstates -10.7 -8.0 6.2
Other freeways and expressways -12.5 -6.0 -4.4
Other principal arteriais 9.7 ] -3.8
Minor arterials -18.8 -12.4 9.3
Collectors -15.6 -8.1 -2.7

The in¢reased emphasis on pavement rehabilitation
resulted in better pavement conditions under scenario
T-5 than under scenario P-5, despite the lower loading
conditions in the latter., However, the higher volume-
to-capacity ratios under scenario T-5, and their relative
importance in estimating highway performance, off-

set the improved pavement conditions and, consequently,
highway performance deterioration was generally less
under scenario P-5.
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CONCLUSIONS

The options considered in this paper indicate that a gen-
eral deterioration in Indiana highway performance can
be expected in the future due to the enormous amount of
revenue needed to sustain real highway investment
levels. Alternatives other than generation of additional
revenue, such as revision of performance standards
and reductions in peaking characteristics, can minimize
future highway performance deterioration but, realisti-
cally, a combination of increased taxes and additional
non-revenue-generating alternatives will likely provide
the most acceptable solution to the highway financing
problem, The specific combination will depend on
public willingness to accept additional taxation and
public tolerance of additional highway performance
deterioration.
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